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(57) Abstract: In etching, an etchant (4) for etching of a substrate (1) is applied in a given pattern. Before etching, a resist layer (2) 
O is applied to the substrate (1) in said pattern to define at feast one exposed portion (3) of the substrate (1). In order to minimize under 
etching, a passtvating substance is arranged, before etching, on the substrate ( 1) to also define said pattern, ix. at the periphery of 
the exposed portion (3). The passivatiiig substance is such as to form, during etching, an etch-protecting compound at the periphery. 
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A method for vet etching. 

Field of the Invention 

The invention relates generally to etching of a sub- 
strate to produce small structures in the same. More spe- 
cifically, the invention relates to a method of providing 
anisotropy in material -dissolving etching. 
Background Art 

Micro- and nanostructures can be produced in a substrate 
by etching away selected parts of the surface of the 
substrate. These parts of the surface of the substrate are 
contacted with an etchant which is capable of reacting in an 
etching manner with the substrate material. As a rule, the 
substrate is before etching coated with a layer of etch- 
protecting material (resist) which reacts slowly, if at all, 
with the etchant. The etch-protecting layer is often produced 
in a multistage process comprising a coating step, in which 
the etch-protecting material is applied over the entire 
substrate surface, and an exposing step, in which a pattern 
of exposed portions is produced in the etch-protecting mate- 
rial applied to the substrate. The exposing step can be 
accomplished by the applied etch-protecting material (photo 
resist) being radiated through a mask and subsequently 
developed for exposing of either the radiated or unradiated 
portions thereof. 

During the etching procedure, dissolution and/or 
mechanical removal of the substrate material is accomplished 
in the exposed portions. The material-dissolving etching 
methods can be divided into wet and dry techniques. In wet 
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material -dissolving etching methods a liquid etchant is 
used. In chemical wet etching the etchant reacts 
spontaneously with the substrate material , and in 
electrochemical wet etching the etchant reacts by 
electrochemical reactions at the surface of the substrate 
material when the etchant, with applied voltage, carries 
a current. 

In wet etching methods, and also in some dry etching 
methods, such as plasma etching, the material -dissolving 
surface reactions which are intended to occur merely on 
the exposed portions of the substrate, also have a cer- 
tain tendency to occur in the periphery of the exposed 
portions, and also under the etch-protecting layer, and 
thus give rise to so-called underetching. Such underetch- 
ing restricts the possibilities of producing narrow and 
deep structures, e.g. to arrange conductors close to each 
other. Although an increased duration of the etching pro- 
cedure results in an increased depth of the etched struc- 
tures, it also results at the same time in an increased 
tendency to underetching. 

Even if dry etching methods are preferred in this 
respect as they produce a result with less under-cut, 
they are not as fast as wet etching methods. 

Examples on dry etching are given in US 5 962 346, 
US 5 176 792, US S 837 616 and JP 3 082 120. Thus, when 
the etching is to be performed at a high rate, wet 
etching methods are preferred due to their higher 
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capability to etch at high rates. This is primarily due 
to the fact that transportation of etchant towards the 
substrate as well as transportation of material away from 
the substrate is faster in a fluid than in a plasma 
during wet etching. 

US-A-4, 877,480 discloses a method for etching a sub- 
strate by removing material by means of laser. For cool- 
ing of the substrate during radiation, the substrate is 
immersed in a liquid which is capable of etching and 
which is activated by radiation. During the etching pro- 
cedure, the removing etching effect of the laser light. is 
thus assisted by the material -dissolving etching effect 
of the liquid. It is said that etching of smaller struc- 
tures than normal is made possible. 

US-A-5,279,702 discloses a technique for chemical 
wet etching of a substrate. The substrate which is coat- 
ed with a patterned resist layer, is immersed in a spon- 
taneously etching etchant. This etchant contains a pas- 
sivating substance which spontaneously forms an etch- 
protecting compound on the exposed portions of the sub- 
strate, whereby these portions become unreactive to the 
etchant. By radiation of the substrate perpendicular to 
its surface, the etch-protecting compound is removed in 
the direction of the radiation so that etching can pro- 
ceed in exposed portions of the substrate. However, the 
etch-protecting compound prevents continued etching at 
the periphery of the exposed portions, which is protected 
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from radiation by the superposed etch -protecting layer. 
During the etching procedure, a barrier thus forms on the 
side walls of the etching structure, thereby minimizing 
underetching. 

A limitation of the above techniques is that the 
substrate must be radiated during the entire etching 
procedure to enable etching. Such radiation can in many 
cases be difficult to provide. 
Summary of the Invention 

In view hereof, an object of the invention is to 
provide an improved method in wet etching, which obviates 
the above drawbacks of prior-art technique. 

This and other objects that will be evident from the 
following description are now achieved by a method of the 
type defined in independent claim 1. Preferred embodi- 
ments are defined in the dependent claims. 

The inventive method is based on the understanding 
that a passivating substance, which during etching forms 
an etch-protecting compound, is to be arranged in the 
immediate vicinity of, but not on top of, the portions 
that are to be etched away. The passivating substance 
is thus arranged on the substrate to define the pattern 
which is to be etched in the same. During the etching of 
a structure in the surface of the substrate, the passi- 
vating substance is made to form an etch-protecting com- 
pound which defines said pattern on the substrate, where- 
by thus a barrier of the etch-protecting compound automa- 
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tically is formed on the side walls of the structure and 
prevents underetching . A significant simplif ication is 
achieved in etching compared to prior art, in that the 
protection against underetching is automatically located 
where it is needed, viz. in direct connection with the 
portions that are to be etched away, without necessitat- 
ing radiation or equivalent measures. As a result, etch- 
ing of small structures with a minimum of underetching is 
easily rendered possible. 

The method according to the invention is applicable 
in both chemical and electrochemical wet etching, and 
combinations thereof. 

According to the invention , the active substance of 
the passivating substance reacts with a component which 
during etching is positioned at the surface of the 
substrate, to form the etch-protecting compound. This 
component can be contained in the etchant or be formed in 
the etching of the substrate, for instance by release of 
ions from the substrate. In both cases, it is guaranteed 
that the etch-protecting compound formed defines the 
pattern which is to be etched on the substrate. 

An etch-protecting layer is usually applied to the 
substrate before etching. It is preferred for the etch- 
protecting layer to be applied to the substrate in said 
pattern to define at least one exposed portion of the 
substrate, and for the passivating substance to be 
arranged at the periphery of the exposed portion so that 



WO 02/24977 



PCT/SE01/02012 



6 

the etch-protecting compound exclusively forms at this 
periphery. This is provided/ according to a preferred 
embodiment, by the passivating substance being incorpo- 
rated into the etch-protecting material which iB later 
applied to the substrate to form the etch-protecting 
layer. This means that the passivating substance is auto- 
matically located in the periphery of the exposed portion 
of the substrate in connection with the forming of the 
pattern in the etch-protecting layer. During the etching 
procedure, the passivating substance, or an active sub- 
stance thereof, leaks out of the etch-protecting layer 
and forms the etch-protecting compound at the periphery 
of the exposed portion of the substrate. 

Preferably, the etch-protecting layer is essentially 
an organic material. 

According to another preferred embodiment, at least 
one release layer containing the passivating substance is 
applied to the substrate before the etch-protecting layer 
forms thereon. The release layer can thus be given a 
composition and a thickness which cause a desired local 
concentration of the passivating substance, or an active 
substance thereof, at the periphery of the exposed 
portion. 

Preferably, the release layer essentially consists 
of an organic material. This is advantageous in that the 
adhesion of the etch protecting layer to an organic layer 
is good. 
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The etchprotecting compound is thus according to the 
present invention produced by an ion reaction. A major 
advantage with the method according to the present inven- 
tion is that the choice of ions may be varied within a 
wide range due to the fact that the component, which is 
to react with the active substance of the passivating 
substance, not has to be an etchant but may be freely 
chosen so as to achieve a good etchprotecting layer. 

Thus, the passivating substance is preferably 
contained in an organic material, either in an etch- 
protective layer or in a release layer. 
Brief Description of the Drawing 

The invention and its advantages will be described 
in more detail below with reference to the accompanying 
schematic drawing which by way of example illustrates the 
presently preferred embodiments. 

Figs 1-3 are part -sectional views of a substrate to 
illustrate a method in etching according to a first embo- 
diment of the invention, and 

Pig. 4 is a part -sectional view of a substrate to 
illustrate a method in etching according to a second 
embodiment of the invention. 

Description of the Embodiments of the Invention 

A first embodiment of the invention will now be 

described with reference to Pigs 1-3. 

Fig. 1 shows a part of a substrate 1 which is to 

be etched. In a first step, an etch-protecting material, 
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e.g. a photoresist , is applied to the surface of the 
substrate to form an etch-protecting layer 2. The etch- 
protecting layer 2 serves to protect the underlying sub- 
strate 1 against etching. In a subsequent exposing step, 
selected portions of the etch-protecting layer 2 are 
removed in a manner known per se r so that the substrate 1 
is exposed in a given pattern, as is evident from Fig. 2. 
The thus -exposed portions 3 of the substrate 1 are then 
allowed to react with an etchant 4 in a subsequent etch- 
ing step, as shown in Pig. 3. 

In the etching step according to Fig. 3, the etchant 
4 is applied in the form of an electrolyte, which is 
forced electrochemically and/or chemically to etch the 
substrate 1. In electrochemical etching, the electrolyte 
4 usually comprises a neutral salt which is not capable 
of reacting in an etching manner with the substrate 1, or 
an acid or a base. The electrolyte 4 can also contain a 
chemically oxidating component which in itself is capable 
of reacting in an etching manner with the substrate 1. In 
chemical etching, the electrolyte 4 contains a relatively 
high content of such a chemically oxidating component. 

In the shown embodiment, a passivating substance 
(not shown) is contained in the etch-protecting layer 2. 
This passivating substance forms during the etching step 
an etch-protecting compound on the substrate 1. During 
the etching step, the passivating substance or an active 
substance thereof leaves the etch-protecting layer 2, as 
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indicated by arrows A in Fig. 3, in order to form, with 
a component positioned adjacent to the substrate 1 # an 
etch-protecting compound which is difficult to dissolve 
or unsoluble. This compound settles on the periphery of 
the exposed portion 3 and forms a local barrier 5 against 
continued etching. The barrier 5 comprises at least a 
monolayer of the etch-protecting compound in physical 
contact with the substrate 1. During the etching step, 
a gradual and spontaneous composition of the barrier 5 
occurs on the side walls 6 of the structure forming in 
the substrate. The composition of the barrier 5 occurs 
essentially in a self -regulating process* If the etchant 
4 tends to dissolve the substrate 1 also under the etch- 
protecting layer 2, the exposed surface of the etch- 
protecting layer 2 to the etchant 4 will increase, and 
the passivating substance, or its active substance, will 
to an increased extent leave the etch-protecting layer 2 
and react with the above-mentioned component • Consequent- 
ly also the forming of the etch -protecting compound 
increases . 

The degree of barrier effect at the periphery of 
the exposed portion 3 of the substrate 1 can be control- 
led by, for example, changing the amount of the passivat- 
ing substance contained in the etch-protecting material, 
or the thickness of the etch-protecting layer 2. It may 
also be advantageous to restrict the amount of the passi- 
vating substance contained in the etch-protecting mate- 



WO 02/24977 



PCT/SE01/02012 



10 

rial, so that the exposing step can be carried out by 
conventional methods, such as exposure and development. 

In the shown example, the substrate 1 is made of 
metal, typically Cu, Cr, Ag, Au, Ni, or an alloy. In the 
shown example, use is also made of an etch-protecting 
layer 2 which is formed of an organic etch-protecting 
material, such as a liquid photoresist. This passivating 
substance is in this case typically an ion conpound which 
contains inorganic anions, such as I", F" , CI", Br", S 2 ~, 
SOT, CN", S0 4 2 ~, C 2 0 4 2 ~, P0 4 3 ~, C0 3 2 " or Cr0 4 2 ", and which can 
be admixed with the organic etch-protecting material. 
Examples of such passivating substances are ion pairing 
reagents, such as tetrabutyl ammonium iodide. According 
to one more alternative, the passivating substance is a 
compound, such as thioacet amide, which in another manner 
can be converted to a suitable anion. The passivating 
substance is suitably selected so that it, or its active 
substance, e.g. its anion, in reaction with a component 
positioned adjacent to the substrate 1, forms the com- 
pound which is difficult to dissolve and which settles on 
the substrate 1. This component can be cations which are 
released from the metallic substrate 1 during etching, or 
a cation which is included, naturally or as an additive, 
in the etchant 4. The latter case allows use of a given 
passivating substance when etching different types of 
Bubstrate material, since the passivating substance need 
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not cooperate with the substrate material to form the 
etch-protecting compound. 

As an example, mention can be made of etching of a 
substrate 1 of copper, or a copper alloy. According to 
a conceivable alternative, use is made of a passivating 
substance containing iodide as an active substance, e.g. 
tetrabutyl ammonium iodide. During the etching step, 
iodide ions leave the etch-protecting layer 2 and react 
with copper ions, which are released from the substrate 

1 during etching, to form copper iodide (Cul) which pro- 
tects the side walls 6 of the etching structure against 
continued etching. According to one more conceivable 
alternative, use is made of chloride ions as an active 
substance, which after leaving the etch-protecting layer 

2 react with silver ions in the etchant 4 and form etch- 
protecting silver chloride (AgCl) which settles on the 
periphery of the exposed portions 3 of the substrate 1. 

The above is only intended to be a non- limiting 
example to illustrate the invention. It will be appre- 
ciated that for each given substrate material there are 
many different combinations of passivating substance and 
component which can be caused to form a suitable etch- 
protecting compound. According to one alternative, a 
cation, instead of an anion, from the passivating sub- 
stance can act as an active substance and form the com- 
pound which is difficult to dissolve, by reaction with 
the component positioned adjacent to the substrate. 
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Other compounds than ion compounds can also be used if 
they are soluble in the etch-protecting material, e.g. 
organic compounds capable of complexing, directly or via 
an active substance, the component at the substrate, for 
instance am anion or a cation. 

Fig. 4 shows an alternative embodiment of the inven- 
tion. In this embodiment, first one or more release 
layers 7 containing the passivating substance are applied 
to the substrate 1. The release layer 7 is preferably 
thin and applied directly to the substrate 1. A thickness 
of about 50-1000 nm has been found to give satisfactory 
results. However, also other thicknesses may be used. 
Subsequently, an etch-protecting material, preferably 
free from the passivating substance, is applied in an 
etch-protecting layer 2 on the release layer 7, whereupon 
selected portions of the etch-protecting layer 2 and the 
release layer 7 are removed in an exposing step, in a 
manner known per se, so that the substrate 1 is exposed 
in a given pattern, as is evident from Fig. 4. 

Like in the first embodiment according to Figs 1-3, 
the passivating substance, or an active substance there- 
of, .will locally leave the release layer 7 and form the 
etch-protecting barrier 5 at the periphery of the expos- 
ed portion 3 of the substrate 1. Since the release layer 
7 can be arranged with an optional thickness and an 
optional amount of the passivating substance, the release 
of the passivating substance, or its active substance, at 
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the periphery of the exposed portion 3 can be guided to 
optimized values. This embodiment allows, in addition to 
the advantages of the method according to the first embo- 
diment, a further optimization of the protection against 
underetching. Moreover this embodiment allows greater 
freedom in the choice of the passivating substance since 
this need not be soluble in the etch-protecting layer 2. 

Depending on the choice of the passivating sub- 
stance, and its concentration in the release layer 7, an 
extra exposing step, such as plasma etching, may possibly 
be necessary before the etching step in order to com- 
pletely expose the substrate 1 according to a defined 
pattern. 

It will be appreciated that the invention is not 
limited to the above detailed description of presently 
preferred embodiments, and can be modified within the 
scope of the appended claims. 

The active component of the passivating substance 
may alternatively be a cation. In this case the component 
is suitably an anion. 
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CLAIMS 

1. A method in wet etching of a substrate (1), in 
which an et chant (4) is applied for etching the substrate 

5 (1) in a given pattern, characterized in that 
a passivating substance is arranged on the substrate (1) 
to define said pattern, and that the passivating 
substance during etching is made to form an etch- 
protecting compound which defines said pattern on the 

10 substrate (1) , wherein the passivating substance 
comprises an active substance which reacts with a 
component, which during etching is contained in the 
etchant (4) , to form the etch-protecting compound, 
wherein the etchant (4) is a solution and wherein the 

15 active substance comprises ions which are soluble in the 
etchant (4) and which form a compound, which is at least 
difficult to dissolve in the solution, with said compo- 
nent . 

2. The method as claimed in claim 1, wherein an 
20 etch-protecting layer (2) before etching is applied to 

the substrate (1) in said pattern to define at least one 
exposed portion (3) of the substrate (1) , and wherein the 
passivating substance is arranged at the periphery of the 
exposed portion (3) , so that the etch-protecting compound 
25 during etching exclusively forms at said periphery. 

3. The method as claimed in claim 2, wherein at 
least one release layer (7) containing the passivating 
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substance is applied to the substrate (1), preferably 
directly to the surface that is to be etched, and wherein 
the etch-protecting layer (2) is applied to said at least 
one release layer (7) . 
5 4. The method as claimed in claim 3, wherein the 

release layer essentially comprises organic material. 

5. The method as claimed in claim 3 or 4, wherein 
said pattern is formed in the etch-protective layer (2) 
and in said at least one release layer (7) before 

10 application of the etchant (4) • 

6. The method as claimed in claim 2, wherein the 
passivating substance is incorporated into an etch- 
protecting material which is then applied to the sub- 
strate (1) to form said etch-protecting layer (2) . 

15 7. The method as claimed in claim 6, wherein said 

pattern is formed in the etch-protecting layer (2) before 
the application of the etchant (4) . 

8. The method as claimed in any one of claim 2-7, 
wherein the etch-protecting layer (2) essentially com- 

20 prises organic material. 

9. The method as claimed in any one of the 
preceeding claims, wherein said component is formed in 
the etching of the substrate (1) , preferably by release 
of ions from the substrate (1) . 
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